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Description 

ARRANGEMENT FOR UNDERRUN 
PROTECTION IN VEHICLES 

Cross Reference to Related Applications 

[0001] The present application is a continuation patent applica- 
tion of International Application No. PCT/SE02/00640 
filed 2 April 2002 which was published in English pur- 
suant to Article 21(2) of the Patent Cooperation Treaty, 
and which claims priority to Swedish Application No. 
0101186-5 filed 3 April 2001. Both applications are ex- 
pressly incorporated herein by reference in their en- 
tireties. 
Background of Invention 

Technical Field 

[0002] The present invention relates to an underrun protection 
arrangement for vehicles that include a frame and an im- 
pact element arranged in a position that corresponds to 
an anticipated stress from a force in the event of a possi- 


ble collision with another vehicle. At least one link ele- 
ment is provided that is firmly connected to the impact el- 
ement and is fixed so that it can pivot in relation to the 
frame. An energy-absorbing element is included that con- 
nects the impact element to the frame and which is de- 
signed to be compressed in the event of a pivoting move- 
ment by the impact element. 
[0003] A primary utilization of the invention is in connection with 
heavier commercial vehicles, particularly in order to pre- 
vent a passenger vehicle from penetrating under the com- 
mercial vehicle in the event of a possible head-on colli- 
sion between the commercial vehicle and the passenger 

vehicle. 
Background Art 

[0004] Larger motor vehicles, such as commercial vehicles, are 
often designed with a relatively high ground clearance. 
One major reason for such design is the need to be able 
to use the vehicle when driving on uneven ground. To- 
day's commercial vehicles normally have a ground clear- 
ance at the front of the vehicle on the order of 40-50 cm. 

[0005] This fact that a commercial vehicle normally has a rela- 
tively high ground clearance can present a road safety 
risk. This is due to the fact that in any head-on collision 


between the commercial vehicle and a passenger car, 
there is a risk that the front section of the passenger car 
will penetrate under the front of the commercial vehicle 
and thus become wedged between the roadway and the 
front underside of the commercial vehicle. This can lead 
to the front of the commercial vehicle penetrating the 
passenger compartment of the passenger car with enor- 
mous force, which in turn may result in serious injuries to 
the occupants of the vehicle. In some instances, the com- 
mercial vehicle can even continue forwards and roll over 
the passenger car. 
[0006] Various solutions have been suggested for solving the 
aforementioned problem. The commercial vehicle itself 
may be designed with a lowered front; that is to say, hav- 
ing a front end in which the ground clearance is so low 
that a passenger car does not have room to penetrate un- 
der the commercial vehicle and become wedged between 
the larger vehicle and the roadway in the event of a colli- 
sion. Such a measure, however, is at odds with the afore- 
mentioned desire for high ground clearance in order to 
facilitate driving on uneven ground. This need, therefore, 
precludes a reduction of the ground clearance in many 
types of commercial vehicle. 


[0007] Another solution to this problem is to provide the com- 
mercial vehicle with a special underrun protection in the 
form of a reinforced structure, such as a force-absorbing 
beam element arranged horizontally at the front of the 
commercial vehicle. More specifically, such a beam ele- 
ment is arranged in a position that corresponds to an an- 
ticipated stress from a force in the event of a collision 
with a passenger car. By means of such an element, it is 
possible to prevent a passenger car from penetrating un- 
der the front of the commercial vehicle. 

[0008] Such underrun protection can furthermore be arranged so 
that it is energy-absorbing and absorbs energy in the 
event of stressing during a collision. This further reduces 
the risk of serious injuries in the event of a collision. 

[0009] A previously known energy-absorbing underrun protec- 
tion is shown in the document EP-A-0557733. This un- 
derrun protection includes an impact element that is piv- 
otally suspended in a vehicle frame by way of two articu- 
lated arms. The underrun protection further comprises an 
energy-absorbing piston and cylinder arrangement for 
absorbing energy in the event of stress acting on the im- 
pact element. 

[0010] This known construction carries a disadvantage in that. 


because of the arrangement with the aforementioned ar- 
ticulated arms, it comprises a large number of moving 
parts, which makes it unnecessarily complicated, and car- 
ries a risk that its function may become impaired. Fur- 
thermore, the construction is to some extent unstable in 
the event of lateral stresses; that is to say, during a colli- 
sion sequence in which a passenger car collides with the 
impact element at a certain angle in relation to the longi- 
tudinal direction of the vehicle. In such situations there is 
a risk that this known construction will give way under 
relatively low impact stresses. 
[0011] The known construction, moreover, affords limited scope 
for regulating the energy absorption in a controlled man- 
ner during a collision. In this respect, there is a general 
problem regarding the need to adapt the energy-ab- 
sorbing capacity of an underrun protection to an antici- 
pated situation in the event of a collision between a pas- 
senger car and a commercial vehicle. 
Summary of Invention 

[0012] An object of the present invention is to provide an im- 
proved energy-absorbing underrun protection for com- 
mercial vehicles that functions reliably with controlled en- 
ergy absorption under impact stress during a collision. 


[0013] jhe above-mentioned object is achieved by means of an 
arrangement of the aforementioned type, but include spe- 
cial features including at least one locking element de- 
signed to permit pivoting movement only in the event of a 
stress acting on the impact element with a force that ex- 
ceeds a predetermined limit. 

[0014] By means of the invention, a stress (force) experienced 

during a collision can be absorbed with minimum possible 
injury to the occupants of the passenger car, which are 
the persons most at risk of injury in the event of a colli- 
sion between a passenger car and a commercial vehicle. 

[0015] According to a preferred embodiment of the invention, the 
locking element comprises (includes, but is not limited to) 
at least one retaining bolt which is arranged to extend 
through each link element and which is designed to main- 
tain a fixed connection between the link element and the 
frame until the limit is reached. In this way, controlled en- 
ergy absorption is obtained under impact stress. 

[0016] According to one particular embodiment of the invention, 
the force/stress limit after which collapse is permitted is 
defined as an anticipated magnitude of such a force/ 
stress expected to be experienced in the event of a colli- 
sion with a passenger car following an essentially com- 


plete compression of crumple zones provided in the pas- 
senger car. The controlled energy absorption can thus be 
optimally adapted to the impact stress and the sequence 
that occurs in an anticipated crash situation between a 
passenger car and a commercial vehicle. 

[0017] A further object of the invention is to provide an improved 
energy-absorbing underrun protection that is laterally 
stable. In this sense, it is meant that the arrangement can 
withstand deformation when acted upon entirely or par- 
tially from the side; that is, transverse to the direction of 
travel of the vehicle as stated above. This object is 
achieved at least in part because the link element overlaps 
a bracket to which the link element is fixed along an area 
that is designed to meet predetermined requirements re- 
garding stress acting on the impact element in an entirely 
or partially transverse direction to the longitudinal direc- 
tion of the vehicle. 

[0018] Very good lateral stability can be obtained, in particular, if 
the link element is formed with an essentially L-shaped 
component having two plate-like side elements in which a 
first side element extends essentially transversely to the 
longitudinal direction of the impact element and a second 
side element extends essentially in the longitudinal direc- 


tion of the impact element, and the side elements are 

connected to one another. 
Brief Description of Drawings 

[0019] The invention will now be described in more detail with 
reference to a preferred exemplary embodiment depicted 
in the accompanying drawings, in which: 

[0020] FIG. 1 a representative side elevational view of an ar- 
rangement configured according to the teachings of the 
present invention; 

[0021] FIG. 2 is a detailed representative side elevational view of 
the run under protection arrangement, configured accord- 
ing to the invention, and shown in a first working posi- 
tion; 

[0022] FIG. 3 is a view similar to that shown in FIG. 2, but with 
the run under protection arrangement shown in a second 
working position; and 

[0023] FIG. 4 is a perspective view taken obliquely from behind 

and showing the run under protection arrangement repre- 
sented in the FIGS. 
Detailed Description 

[0024] In at least one embodiment, the invention takes the form 
of an underrun protection arrangement that is particu- 


larly, but not exclusively, intended for commercial vehi- 
cles having a relatively high ground clearance. Fig. 1 is a 
somewhat simplified side view showing a commercial ve- 
hicle 1, which is provided with such an underrun protec- 
tion arrangement that is configured according to the 
teachings of the present invention. A passenger car 2 is 
also shown in the Fig. It can be appreciated from the Fig. 
that a possible head-on collision between a passenger car 
and a high-ground-clearance commercial vehicle can lead 
to the passenger car becoming wedged between the com- 
mercial vehicle and the roadway. A fundamental object of 
the present invention is to prevent such a situation aris- 
ing. 

[0025] The commercial vehicle 1 is of conventional construction 
with a frame, which in turn comprises (includes, but is not 
limited to) two longitudinal frame members, but only one 
of which frame members 3 can be seen in Fig. 1. Each 
frame member 3 extends essentially in the longitudinal 
direction of the commercial vehicle 1, up to its front sec- 
tion. According to a preferred embodiment of the inven- 
tion, and that which is illustrated, there are two front 
brackets 4 fixed to the front part of each frame member 
3. Only one of these two front brackets 4, however, can be 


seen in the Fig. Furtliermore, a bumper 5 is conventionally 
arranged so that it extends horizontally across the front 
section of the commercial vehicle 1 and is fixed to the 
frame member 3. 
[0026] Tvvo rear brackets 6 are fixed, one each, to the frame 

members 3 in such an orientation that each rear bracket 6 
is positioned behind a respective front bracket 4. As men- 
tioned before, only one of the two rear brackets 6 can be 
seen in Fig. 1. 

[0027] In order to prevent the occurrence of a passenger car 1 
from penetrating under the front of the commercial vehi- 
cle 1 in a head-on collision or offset-collision (i.e. a colli- 
sion in which the longitudinal axis of symmetry of the 
passenger car is displaced somewhat from parallel 
{transverse} to the longitudinal axis of symmetry of the 
commercial vehicle), the commercial vehicle 1 is provided 
with an underrun protection arrangement. According to 
the illustrated embodiment, the underrun protection ar- 
rangement comprises an impact element 7, exemplarily in 
the form of a beam, extending essentially horizontally and 
transversely to the longitudinal direction of the commer- 
cial vehicle 1. This transverse beam 7 is preferably made 
of steel or other suitable material and has an essentially 


rectangular (or alternatively square) cross-section. The 
cross-beam 7 is arranged in the commercial vehicle 1 at a 
height corresponding to one, or a range of certain prede- 
termined ground clearances. 

[0028] The ground clearance of the cross-beam 7 may be de- 
fined as the distance from the underlying roadway to the 
underside of the cross-beam 7. As stated above, this dis- 
tance typically considers vehicle requirements regarding 
accessibility on uneven ground and, where applicable, in 
accordance with prevailing statutory requirements. For 
conventional commercial vehicles, the ground clearance is 
normally less than or equal to 400 mm. 

[0029] The cross-beam 7 is moveably suspended in relation to 
the aforementioned frame. More specifically, the cross- 
beam 7 is preferably fixed in such a way that it is fixed to 
two link elements 8 (only one link element 8 of which can 
be seen from Fig. 1), which are in turn pivotally fixed to 
each front bracket 4. Each link element 8 is furthermore 
pivotally supported in a shaft journal 9 which runs 
through each front bracket 4. In this way the cross-bream 
7 is pivoted in relation to the frame structure of the com- 
mercial vehicle 1. This pivoting movement is permitted 
under certain operating conditions as will be described in 


greater detail below. In normal driving of the vehicle 1, for 
example, pivoting movement of the cross-beam 7 and the 
link elements 8 is prevented by the fact that the link ele- 
ments 8 are locked in relation to each front bracket 4 by 
at last one, and preferably a plurality of locking elements 
10, for example three, exemplarily in the form of strong 
retaining bolts. 

[0030] The cross-beam 7 is furthermore connected to each rear 
bracket 6 by two energy-absorbing connecting elements 
in the form of two tubes or bars 11 that are longitudinally 
compressible. It should be appreciated that only one of 
the two tubes 11 can be seen in Fig. 1. 

[0031] Each energy-absorbing tube 11 is firmly connected to the 
cross-beam 7 by the aforementioned link elements 8 
(exemplarily, the tube 11 is suitably welded to the corre- 
sponding link element) and is rotatably (pivotably) fixed to 
each rear bracket 6. More specifically, the tube 11 is piv- 
otally fixed to a further shaft journal 12 extending 
through both the tube 11 and the rear bracket 6. 

[0032] Primary structure and function of the invention will now 
be described in detail, primarily with reference to Fig. 2. 
Therein, a detailed view is provided from which the cross- 
beam 7 and its interconnection can appreciated. In the 


event of a possible collision between the commercial vehi- 
cle and a passenger car, the cross-beam 7 will be acted 
upon by a large force, F. This force, F, will be transmitted 
to each front bracket 4 via each link element 8, the force 
being absorbed by the frame structure of the vehicle 1 by 
virtue of the fact that each front bracket 4 is fixed to the 
frame structure and that the link elements 8 are locked in 
relation to each front bracket 4 by the bolted connection 
formed by the aforementioned retaining bolts 10. 
[0033] During an initial stage of such a collision, it is desirable 
that the cross-beam 7 should function essentially in- 
elastically as a rigid barrier. This is achieved through uti- 
lization of the retaining bolts 10, by means of which each 
link element 8 is held firmly anchored in each front 
bracket 4. In the course of such a collision, this require- 
ment is also ensured by the fact that the front crumple 
zones, normally present in modern passenger cars, are 
deformed thereby absorbing some energy. In this way the 
energy developed in the initial stage of the collision will 
be largely absorbed through this deformation of the pas- 
senger car crumple zones. According to the illustrated 
embodiment of the present invention, the retaining bolts 
10 are designed to withstand stresses imposed upon the 


impact element 7 during this initial stage. 

[0034] The fact that the cross-beam 7 and the brackets 4 absorb 
the force F in the event of force/stress applied by the pas- 
senger car 2 prevents the passenger car 2 from penetrat- 
ing between the commercial vehicle 1 and the roadway 
during this initial stage. 

[0035] jhe condition prevailing when the crumple zones in the 
passenger car have been compressed and are no longer 
capable of absorbing any significant amount of additional 
means that the cross-beam 7 has reached certain compo- 
nents in the passenger car such as its engine or gearbox. 
An increase in the force/stress acting on the cross-beam 
7 then occurs. One underlying principle of the invention is 
that the aforementioned retaining bolts 10 are designed 
and arranged in such a way that they give way and are 
torn apart at a predetermined force/stress/pressure limit 
which is preferably equal to the increased stress from the 
passenger car. This increased stress is therefore normally 
commensurate with the fact that the crumple zones of the 
passenger car are essentially no longer capable of absorb- 
ing any energy. In typical applications configured accord- 
ing to the invention, the retaining bolts 10 may suitably 
be dimensioned and designed so that they give way at a 


load exemplarily on the order of magnitude of 30 tons. 

[0036] When the force acting on the impact element 7 exceeds a 
certain limit, the retaining bolts 10 will therefore break. 
As will now be described with reference to Figs. 2 and 3, 
this in turn means that the cross-beam 7 together with 
the two link elements 8 is allowed to pivot backwards; 
that is, in the opposite direction to the direction of travel 
of the vehicle during the collision. This pivoting move- 
ment then occurs about the axis of rotation defined by the 
shaft journal 9. As can be seen with particular clarity in 
Fig. 2, each tube 11 is preferably formed with a recess or 
a slot 11a, which runs around the periphery of the tube 
11. This slot 11a acts as a marker which defines a local 
weakening in the tube and which guides the process as 
the tube 11 is compressed under the stress primarily in its 
longitudinal direction. This marker affords greater scope 
for effectively controlling the deformation of each tube 11 
in a desired way under a stress of the type described. 

[0037] Fjg, 3 largely corresponds to that shown in Fig. 2, but de- 
picts a second working position in which the cross-beam 
7 and each link element 8 have been pivoted some dis- 
tance backwards. According to the invention, during the 
backward pivoting movement, energy absorption occurs 


due to the fact that each tube 11 is formed and fixed so 
that it allows energy to be absorbed as the tube 11 is 
compressed in its longitudinal direction. For this purpose, 
the tube 11 is formed with a cross-section and from a 
material that is designed to allow compression under the 
stress that occurs in the collision situation in question. As 
stated above, this stress is normally commensurate with 
the fact that the passenger car crumple zones have ab- 
sorbed energy and that a certain increase in the force has 
then occurred. As a result of the compression of each 
tube 11, a further proportion of the energy that is devel- 
oped during the collision will be absorbed. 

[0038] One advantage of the invention is obtained in that each 
tube 11 is firmly fixed (by welding, for example) to each 
link element 8 while also being rotatably fixed to each 
rear bracket 6. That is, each tube 11 is rotatably fixed to 
the shaft journal 12 as can be seen in the Figs. The fixa- 
tion gives a well-adjusted deformation of the tube 11 as it 
pivots along a predetermined path. This in turn permits a 
predetermined, and effective deformation with high- 
energy absorption during that part of a collision sequence 
when the cross-beam 7 pivots backwards. 

[0039] Figure 4 shows an arrangement configured according to 


the teachings of the invention in a view from an oblique 
perspective from the rear (of the vehicle). The figure 
shows a section of the aforementioned cross-beam 7, in a 
fixed configuration; and more specifically, looking at the 
front left-hand part. Like parts of the arrangement are 
designated with like reference numbers across the Figs. 

[0040] From Fig. 4 it can be appreciated how each link element 8 
is fixed to a corresponding front bracket 4. According to 
the illustrated embodiment, the area with which each link 
element 8 and corresponding front bracket 4 overlap one 
another is relatively large. In figure 4, this area is indi- 
cated by dashed lines and the reference designation, A. 
An important advantage obtained with this arrangement is 
that its lateral stability, that is to say the capacity to with- 
stand stresses acting (entirely or partially) transversely to 
the direction of travel of the vehicle, depends on the size 
of this overlapping area, A. For this reason, the link ele- 
ment 8 and the front bracket 4 are formed in such a way 
that the area. A, is as large as possible; that is to say, it is 
large enough to meet the stipulated requirements with re- 
gard to lateral stability. 

[0041] In order to further improve the lateral stability, the link el- 
ement 8 is preferably formed as shown in Fig. 4; that is to 


say, as an essentially L-shaped component having two 
side elements, one side 8a being fixed to the correspond- 
ing front bracket 4 extending essentially transversely to 
the longitudinal direction of the impact element 7, and the 
other side 8b also being fixed to the front bracket 4 ex- 
tending essentially at right angles from the first element 
8a. In manufacturing, the link element 8, including the 
two elements 8a, 8b, are suitably made as two plate-like 
components that are oriented as shown in Fig. 4 and 
welded together and to the rest of the link element 8. All 
in all, this provides an advantage in the form of a further 
improvement in lateral stability. 
[0042] It rnay therefore be noted that the invention preferably 
considers the fact that the impact element 7 functions as 
an elastic barrier under relatively low applied forces/ 
stresses, and is in addition allowed to pivot about the 
shaft journal 9 while absorbing energy experienced under 
stresses that exceed a certain predetermined limit. The 
energy absorption is achieved by a controlled compres- 
sion of the compression tube 11. The limit is determined 
by the dimensions and the placing of the bolted connec- 
tion that is formed by the retaining bolts 10. Altogether, 
this affords optimal control of the energy absorption dur- 


ing a collision and a heightened degree of safety, espe- 
cially for the occupants of the passenger car during a col- 
lision with the commercial vehicle. 

[0043] The invention is not limited to the exemplary embodi- 
ments described above, but may be modified without de- 
parting from the scope of the claims below. For example, 
the invention can in principle be used in all types of vehi- 
cle such as trucks, loaders and busses in which a relatively 
high ground clearance is desirable. The invention is there- 
fore not limited to use in conventional trucks. 

[0044] vvith regard to the choice of material, the brackets 4 are 
preferably made of steel and the impact element 7 is 
preferably made of steel, aluminum or other suitable ma- 
terial. 

[0045] The invention can furthermore, in principle, be used as an 
underrun protection system that is arranged on the rear 
end section of a vehicle or along the sides thereof. Finally, 
the brackets 4 and link elements 8 may be two or more in 
number. 

[0046] The limit at which the pivoting movement of the impact 

element 7 described above is permitted (by the locking el- 
ement 10 giving way and breaking) can be defined so that 
it corresponds to a situation in which the crumple zones 


in the passenger car have essentially been completely de- 
formed. The invention is not limited to choice of selected 
limit, however, but can be implemented in that the limit 
can generally be set to a value commensurate with the 
passenger car having absorbed a certain amount of en- 
ergy. The limit may also be determined, for example, on 
the basis of a stress with a force selected in accordance 
with prevailing statutory requirements. 
[0047] Each tube 11 may have a different cross section; for ex- 
ample, circular, square or some other shape suitable for 
the desired compression of each tube 11. For an espe- 
cially advantageous and controlled compression of each 
tube 11, it may in addition be provided with a marker 11a 
as shown in Fig. 2. The marker 11a may be oriented in 
different ways and be given different dimensions (e.g. 
width and depth) depending on the application in ques- 
tion, and also depending on the stipulated requirements 
and wishes with regard to the compression of the tube 11. 


